Abstract
Introduction
importance of charge distribution within this C-terminal region was also apparent from the 82 negative impact on immunity arising from the creation of truncated versions of PepI (21).
83
Finally, the structure and function of the LanH protein associated with immunity to the type II 84 lantibiotic nukacin ISK-1, NukH (92 amino acids), has been extensively investigated (1). NukH, 85 although distinct from LanI proteins in that it functions as an accessory protein to the ABC- Here, to address a lack of knowledge with respect to the topology and functional domains of (Amp) was used at a concentration of 100 μg ml -1 for E. coli and chloramphenicol at a 114 concentration of 10 µg ml -1 for E. coli and 5 µg ml -1 for L. lactis.
116

General molecular biology techniques
117
Plasmid DNA was isolated from E. coli strains using the High Pure plasmid isolation kit as 118 recommended by the manufacturer (Roche Diagnostics, Mannhein, Germany). Plasmids isolated 119 from L. lactis were isolated in the same way following treatment with protoplast buffer (5mM 120 EDTA, 50 U ml -1 mutanolysin, 10 mg ml -1 lysozyme, 0.75M sucrose, 20mM Tris-HCl pH7.5).
121
Total cell DNA was isolated using Roche high pure PCR template preparation kit (Roche 
Site-directed mutagenesis in LtnI
181
Amino acids in LtnI were changed using the site-directed mutagenesis strategy (Quikchange,
182
Stratagene) as described previously (9) angle and allowed to set. The petri dish was then placed in a horizontal position and an additional 207 25 ml of GM17 was added resulting in the creation of a lacticin 3147 concentration gradient. β-galactosidase and alkaline phosphatase assays were carried out as described by Miller (38) and 221 Manoil (32), respectively. Briefly, for LacZ constructs, E. coli were grown in 10 ml LB broth 222 until the OD 600nm reached ∼0.5, collected by centrifugation and resuspended in 1 ml LacZ buffer.
223
Cells were permeabilised with 0.1% SDS and chloroform as described by (24 
Results
237
In silico analysis of LtnI. to outside orientation and that the C-terminus has a cytoplasmic location (Fig 1) . A study
246
analyzing the accuracy of 13 TM helix prediction methods, including those used in this study,
247
has highlighted the accuracy of TMHMM2 and SPLIT 4.0 (10) and thus the structures predicted 248 by TMHMM2 and SPLIT 4.0 were used as templates (Fig 1 (C) ) to design all subsequent 249 experimentation.
250
In silico analysis (psi-blast; http://blast.ncbi.nlm.nih.gov/) has also facilitated the identification of 251 genes encoding LtnI-like proteins from within genome sequenced microorganisms (Fig 2) Analysis of LtnI membrane topology in E. coli using ltnI-lacZ and ltnI-phoA gene fusions.
267
We used β-galactosidase (lacZ) and alkaline phosphatase (phoA) gene fusions to experimentally 268 probe LtnI membrane topology (32). The aforementioned bioinformatic analysis was used as the 269 basis for constructing a series of constructs whereby each of the predicted inside/outside 270 domains, including the 3 TMRs (Fig 1 (C were generated in which LacZ and PhoA were fused to the C-terminal amino acids A21, F45,
277
K55, L75, G85, C100 and D114 of truncated LtnI proteins. β-galactosidase and phosphatase 278 assays showed that the K55 hybrid had a LacZ+ PhoA-phenotype indicating that, as predicted,
279
K55 is located in the cytoplasm (Fig 3) . Similarly, the G85 fusions behaved as expected (LacZ- (Fig 3) .
290
Design and analysis of N-terminal and C-terminal deletions of LtnI.
291
To further investigate the importance of different regions, truncated versions of LtnI were 292 created. Initially, the N-terminus, a region highly conserved between LtnI-like proteins, was 293 truncated to exclude residues 1-13 of LtnI, while a second mutant that lacks this region as well as 294 residues 14-19, and a third lacking residues 1-27, were also generated (Fig 2) . importance. A double D57A-R59A change was also made (Fig 4) . In all cases immunity levels 316 were equal to those provided by pNZ44ltnI as determined by well diffusion assays (data not 317 shown). Subsequently, more sensitive MIC determination tests were carried out. However, it was 318 again evident that the changes made did not impact on the level of immunity provided (Table 3) , 319 thereby revealing that neither the putative leucine zipper, nor the two charged residues in the 320 cytoplasmic domain, are essential for immunity.
322
Random mutagenesis of ltnI and identification of essential residues and domains
323
Given the failure of rational site-directed mutagenesis to identify residues that are important with 324 respect to the provision of LtnI-mediated immunity, a random mutagenesis-based strategy was 325 developed. More specifically, the plasmid pNZ44ltnI was isolated and utilized as a template for a
326
GeneMorph II PCR-based reaction that was carried out in a manner designed to result in the Fig 4) . In 18 cases, disruption of immunity was as a 334 consequence of a single amino acid substitution. These represented 12 distinct mutants as I6N,
335
E11D and N29S variants were each detected on two occasions while D79N was recovered four 336 times (Table 4) . Of the 12 single amino acid substitutions, 5 occur at the N-terminus between 337 amino acid positions 4 and 13. The E4G change alters the overall charge of the external N-338 terminus of LtnI from a net charge of -2 to -1 by replacing glutamic acid with glycine.
339
Conversion of the isoleucine at position 6 to an asparagine replaces a hydrophobic residue with a 340 hydrophilic one. While the F9I mutation maintains a hydrophobic moiety at this position, it does 341 however, involve the loss of an aromatic ring at this position. Similarly with respect to the 342 mutation E11D, does not alter the overall charge but does result in the loss of a carbene group.
343
The final amino acid to be altered in the external N-terminal stretch in LtnI is leucine at position 344 13, which is converted to a proline.
345
Within the transmembrane region there are a total of six changes resulting in a complete loss of 
Discussion
391
The dedicated immunity proteins associated with lantibiotic production are a heterogeneous 392 group of proteins of differing size, composition and structure. They are target molecule specific 393 and are highly efficient in their action. NisI, SpaI and PepI are anchored to the cytoplasmic 394 membrane, and unusually, NisI has also been found as a lipid free form, presumably scavenging 395 for exogenous nisin (21, 28, 48, 49) . In contrast, it was previously recognized that LtnI was very 396 likely to traverse the membrane (34) in a manner similar to that predicted for CylI (6) and 397 established for NukH (40). Notably, however, none of these proteins show any homology to each 398 other.
399
In this study, the assessment of LtnI topology suggests that LtnI contains three transmembrane 400 regions. This is consistent with the SPLIT 4 and TMHMM algorithms, which have previously been established to be 85% and 83% accurate, respectively, in predicting the location of residues suggesting that the region as a whole, rather than specific amino acids, is important. 
